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NATIONALADVISORYCOMMITTEEFORAERONAUTICS
RUPTUREPROPERTIESOF LOW-CARBONN-155TYPEALLQYS
MADEWITHA COLUMBIUM-TANTALUM
By J.W.FreemanjE. E. Reynolds,
Sumwu
FERRO-ALLOY
&d A.E.White
An experimentalcolumbium-tantalumferro-alloy(kOCb-20Ta)was
usedtomslselaboratoryheatsof low-carbon.N-155andanN-155type
alloy(20Cr-20Ni-20Co+2Cb). Theamountof columbiuminthealloyswas
reducedsoasto keeptheatomicpercentof colunibiumplustantalum
equaltothenormalatomicpercentof columbium.Rupturetestsat1200°
and1500°F on forgedandheat-treatedbarstockdidnotshowa signif-
icantchangefromtheresultingpresenceoftantaluminthealloys.
Thislimitedinvestigationthereforeindicatesthattheuseof
. high-tantalumferro-columbiumwouldbe satisfactoryformakingheat-
resistingalloyofthesetypes.An actualsavingincolumbiumaswell
astheutilizationf columbiumnototherwiseavailablewouldresult.
.
INTRODUCTION
Tsmtalumoccurstogetherwithcolumbiumin
whichmakestheirseparationimpractical.Such
certainoresin a manner
ores,however,couldbe
utilizedtoproduce~racticalcolumbium-tantalmferro-alloys;The
effectof a highcontentoftantaluminferro-columbiumontheproperties
ofcolumbium-bearingalloyshasnot,however,beenestablished.If
satisfactoryalloyscouldbe madewithcolumbium-tantalumferro-alloys,
particularlyiftahtslumcouldbe substitutedforpartofthecolumbium,
theamountof columbiumavailablewouldbe considerablyincreased.
Inasmuchas columbiumisusedto a“considerableextentinheat-resistant
alloysforjetengines,itwasconsideredimportantto investigatehe
effectoftantalumonthepropertiesof suchalloysathightemperatures.
Becauselow-carbonN-155alloyhadbeenextensivelystudiedby the
UniversityofMichiganintheirresearchprogramsonheat-resistaht
alloysfortheNationalAdvisoryCommitteeforAeronauticsjitwas
. decidedto study theeffectofusingan experimentalcolumbium-tantalum
ferro-alloyinmskingthisalloy.Theferro-alloyusedhada tantalum
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to columbiumratioof0.55. In additionto.low-carbonN-155alloy,the
ferro-alloywasalsousedtopreparea heatofa typeN-155alloy
(2CXr-20Ni-20Co+2Cb). Becausethislatteralloydidnotcontainmolyb-
denumortungstenitwasthoughthatanyeffectsofthetsdM.ummight
be intensifiedandmade-morevidenti
In suchalloys,tantaluminmanyrespectshasmetallurgicalchar-
acteristicssimilartothoseof columbium.Forthisreason,theexperi-
mentalalloysweremadewiththeamountofthecolumbium-tantalumferro-
alloyneededtoyieldthesameatomicpercentofcolumbiumylustantalum
astheatomicpercentofcolumbiumintheunmodifiedalloys.TMs
procedurereducedtheamountofcolumbiumused.
Rupturetestpopertiesat1200°and1500°F werethemajorbasis
of%valuationoftheeffectofusingthecolumbium-tantalumferro-alloy.
Comparativedataat1200°F wereavailablefortheunmodifiedalloysin
reference1. Unpublisheddatawereusedforcomparisonat1500°F.
Bothtypesof alloysweremadewitha procedurecarefullycontrolledto
minimizeallVarisldesexceptchemicslcomposition.(Seereference1.)
Thisinvestigationwasconductedunderthesponsorship.andwiththe
financial.assistanceoftheNationalAdvisoryCommitteeforAeronautics
aspartofa program’ofresearchonheat=resistantmetalsatthe
EngineeringResearchInstituteoftheUniversityofMichigan.
TESTMATERIALS
Thetantalum-modifiedalloyswerepreparedby inductionmelting
9-poWdheatF3,deoxidizingwith15gramsof calcium-siliconslloy,and
(castingintoa 9-inch-longtaperedla-to 1~-in.-square) ingot.The
.
.
.
.
ingotswerehmer-forged,wttha 400-poundac hqmmerbetweenawaging
diesto 0.45-inchroundbarstock.Theinitialforgingtemperature
was2200°F witha finishingtemperatureabove18000F, asjudgedby
color.Thebarstockwassolution-treated1 hourat-22000F, water-
quenched,andaged24hoursati-1400°F beforetesting.Thisprocedure,
thedetailsofwhicharedescribedinreference1,wasthesameasthat
usedforpreparingtheunmodifiedcoluabium:bearingslloys.
\* . .
,
The chemical analyses of the two tantalum-mdified alloys, together with those of the
umnodified alloyEI,were:
4I II Chemical compoaition
Alloy Heat
(percent)
c Mn Si Cr Ni co MO w Cb Ta
Unmodified (;) O:;: ;.5& 0.5 20.0 20.0 2Q.O 3.0 2.0 1.0 0
low-carbon lV135 . .41 21.17 20.I.619.81 3.03 2.0!3 0.96 ----
10 .15 1.40 .52 20.89 EO.6419.30 3.05 1.91 1.03 ----
12 .16 1.61 .67 21.04lJ39 b’g.cx)3.03~;.olb;.15 ----
27 .lljbl.7 .58 %20 bs ----
Ta-modified 85 0.15bl.7 boy bm %0 bx b3 b2 O.-@%.44
low-carbon N-155
Unmodified 68 0.18%.7 bo.5 % % bm o, 0 1.81 ----
2CCr-201Wi-2CZo+ECb
Ta-nmdified 7’8 0.15%7 bo.5 %0 m b20 bo bo l.lg‘0.65
20Cr-20Ri-2020+2Xb
N
0.14
.14
.17
.14
-b.14
bo,14
bo.J4
bo014
a~ominal composition for unmodified low-carbon N-155.
bActual chcxnicalanalyaeB were not made but alm analyses are giVen.
cch~c~ @B,as were we for coltii~ pl~ tdd.~j the ‘atio ‘f cO1diu ‘0
tantalum in the alloy being assumed to be the mme as in the columbium-tantalum ferro-alloy.
(Thi13amnnsptionprobably leads tohighvsluea for tantalum because its loss during melting
is generally higher than for colusibium.)
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The
tantalum
ferro-alloycontained39percentcolumbimand21peicent
andwasfurnishedby theElectroMetallurgical.Divisionof
UnionCarbideandCarbonCofioration.Theqmount”=ddedtotheheats
wasintendedtogivethesameatomicpercentageof’columbiumplustan-
talumas columbiumaloneintheunmodifiedalloys.Thecoluuibiumequiv-
alentofkheat85was1.00weightpercentandofheat78was1.53weight
percent.Thelatteralloy,therefore,hadlesscolumbiumplustantalum
thantheaimatomicequivalentof 2 percentcolumbium.
Thehigh-temperatureload-carryingabilityofthealloyswasevel-
uatedby meansof stress-ruptureteststo establish100-hourstrengths
at1200°andlnOO l?.Thetestswereof sufficient--nuniberandduration
topermitreasonablyreliablextrapolationof1000-hourstrengths.
Rupturetestspecimenswere0.250inchin diameterwitha l-inchgage
length.The stress-rupturetestsweremadeinindividualstationary
units,applyingtheloadby a simplebeamactingthrougha systemof
knifeedges.Time-elongationdataweretakenduringthetestsby the
drop-of-the-besmmethod.
Metsllographti..examinationsweremadeofthealloysinas-cast,
hot-forged,solution-treated,aged,and~pture-testedconditions.
Vickershardnesstestsweremadeonbarstockinthesolution-treated
andthesgedconditions.
RESULTSANDDISCUSSION
Rupturetest-dataforthetwotantalum-modifiedalloysat1200°
and1500°F aregivenintable1. Thestressandrupture-timecurves
areplottedinfigure1. Thestressandminimum-creep-ratedatafrom
time-elorigationcurvesobtaineduringruptuxetestingareplottedin
figure2, Thedatafortheunmodifiedalloy%includedinthesetwo
figuresweretakenfromreference1 andfroganunpublishedinvestigation. ‘
IntableIItherupturestrengths,elongations,andstressesat constant
creepratesofthemodifiedalloysarecomparedWiththoseofthe
unmodifiedalloys.
Therupturestrengths,elongation,and~tressesat constantcreep
ratesofthetantalum-modifiedlow-carbonN-155alloy(heat85)wereonly
slightlyabove-orwithinthepropertyrangeofthefourheatsofunmodi-
fiedlow-carbonN-155atboth1200°and1500°F.
Thestrengthpropertiesofthetantalum-modifiedN-155typealloy
(heat78)ascomparedwiththoseoftheummodifiedalloy(heat68)were -
approxtia$ely2000psilowerat1200°F and2000psihigherat15Q0°F. .-
Theelongationfthetantalum-modifiedalloyintherupturetestmay
.
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havebeensignificantlylowerthantheunmodifiedalloyat1200°F and
w higherat1500°F, althoughthedatafortheoneheatofunmodifiedalloy
aretoofewtobe certain.
Thefourheatsoftheunmodifiedlow-carbonN-15.5alloywereorigi-
nallyusedto determinethedegreetowhichthepropertiesofthisalloy
couldbe reproducedundertheexperimentalconditionsandwereprepsred
ina mannerwhichwasbelievedtohaveminimizedtheeffectsof ~iables
inprocessingonhigh-temperaturep operties.Therangesin strength
propefiiesoftheseheatswere2000psiorlessatboth1200°and
1500°F. Sincethedifferencethatdidexistbetweenthetwotypes
oftantalum-modifiedan theunmodifiedalloyswasonly2500psior
less,itcanbe concludedthatthesubstitutionoftantalunforpart
ofthecolumbiuminthesetwoalloysdidnotsignificantlyalterthe
high-temperaturerupturestren@hsupto 1000hours.There was a
slight indicationthatthetantalum-modifiedalloyswcnuanaveimproved
long-therupturestrengthat1500°F becausetheslopesoftheirstress
andrupture-timecurveswerelessthanthosefortheunmodifiedalloys.
Theforgingcharacteristicsofthealloysmadewiththecolumbium-
tantslmferro-alloyweresimilarto thoseoftheunmodifiedalloys.
Thisobservation,whilebasedon quitequalitativeobservations,hould
be fairlyreliablebecauseitwasbasedontheexperiencegainedin
forgingovera hundredheatsof alloysofthistype.
. Thefollowingtabulationindicatesthattherewasno significant
hardnessdifferenceastheresultoftheadditionoftantalum:
I Alloy Heat
Ta-modified 85
low-csrbonN-155
Unmodified 8
low-carbonN-155 10
12
27
Ta-modified I 782CCr-20Ni-20Co+2i!b
.
.
Unmodified 68
2CCr-20Ni-20Co+2Cb
Vickershardnessnumber
-
229 I 252
196 199
196 I 201
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Therewaslikewiseno significaati-difference-betweenth microstructure
ofthe–unmodifiedandthetantalum-modifiedalloys.PhotomicrograIhs
werethereforenotincludedinthisreport.
.
u
Itwasshowninreference1 thattheadditionof columbiuminexcess
ofI_percenttothesetypealloyshadlittleorno influenceon rupture
strengthsat1200°F. Itwasalsosuggestedthatcolumbiuminamounts
lowerthan1 percentmightyieldrupturestrengthscomparablewiththose
ofalloyscontaining1 percentcolumbium.Thusitmsyhavebeenthat
the0.78percentcolumbiuminthe.tant@xm-modl$iedlow-carbonN-155
alloy(heat85)wassufficient-togivethesamerupturepropertiesas
theunmodifiedalloycontaining1 percentcolumbium.A similarsituation
probablyexistsforthealloywithmolybdenumandtungstenomitted.It
thereforemaybe thatbothalloyshadsufficientcolumbiumaloneto-
providethestrengthsobtainedand,becauseofthesaturationeffect,-
thetantalumhadonlya minoreffect.
Inadditiontousingcolumbiumnototherwiseavailable,theuse
ofthecolumbium-tantalumferro-alloyresultedinanactualreduction
ofthemount ofcolumbiumused. Thetantalum-modifiedlow-carbon
N-155alloycontained22percentlesscolumbiumthanthe-unmodified
alloywithoutsacrificeinproperties.
CONCLUSIONS
.
An experimentalcolumbium-tantalumferro-alloywassubstitutedfor
ferro-columbiumln akingsmalllaboratoryheatsoflow-carbonN-155 —
alloyandanN-155typealloy(20Cr-20Ni-20Co+2Cb)without-significantly
changingrupturepropertiesofeitheralloyat1200°and1500°F. Other
characteristicsofthealloyswerealsos~sr.
Theresultsofthislimitedinvestigationthereforesupporthe
probablepracticalityofusinghigh-tantslumferro-columbiumformaking
columbium-bearingheat-resistantalloys.Reducedcolumbiumrequirements,
aswellasthefeasibilityofutilizinghigh-tantalumcolumbiumores,is
indicatedinasmuchasthecolumbiumplustantalumintheferro-alloy
(40Cb-20Ta)wassubstitutedforcolumbiuminthealloysonanatomic
percentagebastswithnoevidentadverseffect.
UniversityofMichigsm
AnnArbor,Mich.,April14,1350
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TAME I.- RUPTURE TEST DATA FOR TANTALUM-MODIFIED
I Auoy
}
ITa-modified
low-carbon N-155
(heat 85)
F
L
Teat
temperature
(w)
120Q
15CI0
1200
1500
Stress
(psi)
53,000
50,000
48joc0
45,m
18,000
16,~
15,m
40,000
35,000
32,m
16,000
15,000
13,000
U, m
10,WI
iIJW-CARBOl’iN-1~~ TYPE ALLOYS
Time Elongation Reduction Minimum
for ruptme in 1 in. of area creep rate
(psi) (percent) (percent) (percent/br)
79 24 24.8 0.124
85 17 18.3 -----
175 16 =.8 .069
249 28 28.2 .040
-t
80 34
180 34
376 26
47 23
174 25
399 “ 24
q--
.
-----
0.039
. .020
. -----
=.8 a.069
22.6 .022
-----
-----
0.059
.011
.(X147
w
‘ >
.
.
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TWIE II. - COMPARATIVBRuPruRE TEE?J!~TTC6 OF TA?71!ATIM-MDIFJXD
Am Dm40DIFI!K0LOW-CARBONN-155m AIJJ3Ys
R4Jhyp$wul 9tressreq~d to causeEstimated
Temperature
indicatedcreep rates
W3-br l-qture
(%) Heat
(pEl)
elongationin 1 in.
lM br 1003hr (percent) 0.01 ~cent/br 0.1 percent/hr
Ta-iwdlfiM MQO 85 50,000 a38,IXIO m %’,COO
low-carbonH-153
50,500
Uamodtiied WOO 8 4a,503 37,coo !22 35,800 47,5Q0
low-cm-bon lG155 10 W,ooo 38,oca 19 33,m 49,m
x? 50,000 %8,030 g ------ 48,m
27 37,~ 46,ECXJ
C%3 C37)500 C23 ‘2?; C47,803
Ta-mdlfled lW 85 17,500 %, 400 34 13,EccJ ala,m
lw-carbon R-155
Umdified 1500 8 16,soo u, 8C0 ti 13,400 818,m
lnw-c=lxm N-155 10 M!,!3W 1.2,9C0 30 15,Ooa 18,n
E 17,100 u.,900 30 13,900 17m
Q7 1.6,m 12,cca 32 12,800 1<4cm
cl~,lyl W!,150 C27 =13,775 C17,375
!Pa-mmiified 1200 78 37,m a30,m 23 31,030
2CXr-EOiW-2CCc+ZCb
36,m
IhnkmMfied 12uo 6/3 40,cm a32,(X30 35 ‘W, m 38,@xI
2CCr-20Ei-EiXc+Zb
Ta-mMified ly30 78 14,100 10,400 42 10,700 13,-p
2CXk-201’i-2WwX’b
Urmmitfied 1500 68 12,m %3,~ 30 8,900 12,COO
2CK!r-ZXW-2UJ*ZCb
.
.80,Oco
60,033
IJ0,QC4
.+
E
J
z%
20,ml
10,cm
8,mJ
,, 20 40 60 60 lW 202 m &xl Boolc@ 2000
Ru@um thxa,br
Heat Alloy
x 85 ‘l&mdified low-cm-banN-155
,:, 0 81 ‘-5=,
, 1,
“1l 16 Ummdifi.d lrx-c~bon N-155b 12d 27
a 78 ‘k-mdi.fied2W&-20Ni-2CXo+2Cb
668 UmmxIM’led2CCr-2Wl-2COo+2Cb
Figure 1.- CurveB of stress against time for rupture at 1200° and 1500° F
for unnmdiffed and tantilum-nmdified lou-earbonN-155 and an N-155 type
alloy (20Cr-20Ni-2Wo+Xb). All alloys were solution-treatedat 22CQ0 F
for 1 hour, water-quenched, and aged at lhOOO F for 24 hours. w-k for
unmodified alloys were obtained from reference 1 and an unpubllshad
investigation.
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@ 78 T#mncdMi.ed2#M-20Ni-2Wo+2Cb
da U~ied 20h’-2ONi-2Wc+!2tb
#Ltita of rangesfor uninodjf~d
Km-carbon N-155bmtta
F@tu-e 2.- Curvea of stress agaj.natmimilmmlcreep rates at
1503° F for unmodified and tantalum-modified low-carbon
N-155 type alloy (2CXh-20NL2~o+~) . All alloys were
treated at !z?@o F for 1 hour, water-quenched, and aged
for 24 hours. Data for uumodi.fiedalloys were obtahd
ad = Unpublished fnwati~tlon.
1200° and
N-155 and an
qolution-
at lkOOO F
from reference 1
